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/ 4- ABSTRACT 

Studying h i g h - a l t i t u d e  water  vapor by means of s a t e l l i t e  

observa t ion  of t he  1.35-cm water-vapor l i n e  p r o f i l e  appears  unfeas- 

i b l e .  "be water-vapor dens i ty  d i s t r i b u t i o n s  now expected suggest  

t h a t  observa t ions  of t h i s  l i n e  w i l l  seldom, i f  eve r ,  show l a rge ,  

e a s i l y  d i s c e r n i b l e  peaks. Since emission from the  e a r t h  a l s o  

g r e a t l y  reduces the  l i n e  p r o f i l e  a s  seen  by a s a t e l l i t e ,  ground 

observa t ions  seem p re fe rab le .  
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THE SATELLITE DETERMINATION OF HIGH-ALTITUDE WATER VAPOR 

B a r r e t t  and Chung (1962) have discussed t h e  p o s s i b i l i t y  of 

determining the  abundance of h i g h - a l t i t u d e  water vapor  by s tudying 

the  p r o f i l e  of t he  1.35-cm resonant wacer-vapor l i n e  i n  emission. 

We have modified t h e i r  method t o  consider  t he  obse rva t ion  of t h i s  

emission by a s a t e l l i t e  over  a per fec t  r e f l e c t i n g  su r face ,  and over 

land and sea sur faces .  W e  have a l s o  extended t h e i r  s tudy t o  inc lude  

apparent ly  more r e a l i s t i c  water-vapor d i s t r i b u t i o n s  a t  h igh  a l t i t u d e s .  

To f a c i l i t a t e  c a l c u l a t i o n ,  we have d iv ided  t h e  atmosphere i n t o  

many l aye r s .  The emission from a given l a y e r  i s  p a r t i a l l y  absorbed 

by each l a y e r  i t  t r a v e r s e s  on both t h e  d i r e c t  and r e f l e c t e d  paths  t o  

t h e  s a t e l l i t e .  W e  used Van Vleck's abso rp t ion  equat ions  (1947a ,b) t o  

c a l c u l a t e  t h e  t o t a l  power received a t  t he  s a t e l l i t e ,  measured as a n  

antenna temperature.  For t h e  temperature and p res su re ,  w e  used the  

U .  S .  Standard Atmosphere (1962). The atmosphere w a s  s t r a t i f i e d  t o  

match t h a t  of Barrett and Chung: i n t e r v a l s  of 200 m f o r  t h e  f i r s t  

3 km, of 500 m up t o  18 km, of 1 km up t o  30 km, and of 5 km up t o  

50 km. The s a t e l l i t e  w a s  assumed t o  be a t  t h e  t o p  of t h e  atmos- 

phere -- i n  t h i s  ca se ,  50 km. 

W e  f i r s t  considered a water-vapor d e n s i t y  d i s t r i b u t i o n  (Fig.  1, 

Line A) s imilar  t o  t h a t  examined by Barrett and Chung, based on the  

ba l loon  observa t ions  by B a r r e t t ,  e t  a l .  (1950). Thei r  observed 

va lues  have been smoothed and normalized t o  a t o t a l  atmospheric 

z 
water content  of 2g/cm . 
above 30 km. The r e s u l t i n g  l i n e  p r o f i l e  as observed by a s a t e l l i t e  

We a r b i t r a r i l y  ass igned  t h e  d i s t r i b u t i o n  
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over  a per fec t  r e f l e c t o r  (Fig. 2) is  s t r i k i n g l y  s i m i l a r  t o  t h a t  

which Barrett and Chung ca l cu la t ed  would be seen  a t  t h e  ground. 

However, t he  i n t e n s i t y  of t he  sa t e l l i t e -obse rved  l i n e  is twice as 

g r e a t .  

W e  then s tudied  two o t h e r  water-vapor d i s t r i b u t i o n s  t h a t  

appeared t o  be more r e a l i s t i c .  The f i r s t  (Fig. 1, Line B) ,  a d r y  

s t r a tosphe re  according t o  Gutnick (1961), assumes a cons tan t  mixing 

r a t i o  of 5 mg/kg above 15 km. The second (Fig. 1, Line C ) ,  a 

moderately w e t  s t r a t o s p h e r e  (Gutnick, 1961) but  s t i l l  d r i e r  than  

t h a t  of Ba r re t t ,  e t  a l . ,  assumes a cons tan t  mixing r a t i o  of 13 mg/kg 

above 13 km. Both r e t a i n  t h e  exponent ia l  d i s t r i b u t i o n  below t h e  

tropopause t h a t  w a s  used i n  t h e  previous c a l c u l a t i o n .  %e  sha rp  

peak i n  the r e s u l t i n g  l i n e  p r o f i l e  almost completely d isappears  f o r  

t hese  s t r a t o s p h e r i c  humidi t ies  (Figs .  3 and 4) ,  a l though i t  can s t i l l  

be seen on a more expanded sca l e .  (See i n s e t s . )  

Ba r re t t  and Chung thus  appear  t o  be c o r r e c t  i n  a s c r i b i n g  t h e i r  

ca lcu la ted  peak t o  anomalously high water vapor a t  a l t i t u d e s  above 

15--20 km. One can c l e a r l y  see t h a t  even a "moderately w e t "  s t r a t o -  

sphere c rea t e s  no apprec i ab le  peak i f  t h e  d i s t r i b u t i o n  is  reasonably 

n o m l .  Since t h e  v a l i d i t y  of t h e  anomlous  moist  s t r a t o s p h e r e s  

viewed by ea r ly  ba l loon  f l i g h t s  i s  now i n  doubt (Mastenbrook, 1963), 

such sharp  peaks i n  the  p r o f i l e  as  p red ic t ed  by B a r r e t t  and Chung 

may never be observed. But i f  they a r e ,  they should d e f i n i t e l y  

i n d i c a t e  t h a t  t hese  unusual condi t ions  do occur.  

0 We then made c a l c u l a t i o n s  f o r  a s a t e l l i t e  looking a t  a 300 K 

background e a r t h ,  assuming f o r  oceans a r e f l e c t i v i t y  of 0.6 and a 



corresponding emiss iv i ty  of 0.4 (Meeks, - 1963) and f o r  land a 

r e f l e c t i v i t y  of 0.1. 

bu t ion  (Fig. 1, Line B) .  Figure 5 shows t h e  r e s u l t i n g  p r o f i l e s ,  i n  

which the  emission and abso rp t ion  tend t o  cancel  each o t h e r ,  g r e a t l y  

diminishing t h e  observable  peak. 

We used t h e  dr ies t  water-vapor d e n s i t y  d i s t r i -  

S a t e l l i t e s  do n o t ,  t he re fo re ,  appear  f e a s i b l e  f o r  t h i s  kind of 

microwave observa t ion ,  d e s p i t e  the  obvious advantages t h a t  would 

accrue  from t h e i r  world-wide coverage. Surface observa t ions  are  

c l e a r l y  p re fe rab le ,  a t  least  as  a s t a r t ,  because they are much 

easier and because t h e  small peak emission expected would be more 

c l e a r l y  def ined a g a i n s t  t h e  cold background of space. Whether such 

observa t ions  w i l l  i n  f a c t  g ive  useful  information about humidity 

and temperature i n  t h e  upper atmosphere rernains t o  be seen.  
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Fig .  2 Line p r o f i l e  computed us ing  water-vapor 

d i s t r i b u t i o n  A ,  over a pe r fec t  r e f l e c t o r  
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Fig .  3 Line p r o f i l e  computed us ing  water-vapor 

d i s t r i b u t i o n  B ,  over a p e r f e c t  r e f l e c t o r  
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Fig .  5 Line p r o f i l e  computed us ing  water-vapor 

d i s t r i b u t i o n  B ,  over  land and sea 



-7 - 

55.0 1 I I I 1 I A 
22.0 .I .2 .3 .4 .5 -6 .7 .8 

60 

50 
Y 

0% 

Q) 

2 40  
L 

30 
t 

0 c 
t 

20 
a 

I O  

I5 
I I I I 1 I I I I I I I I I 

20 25 
Frequency (KMc/s )  

30 

Fig. 4 Line p r o f i l e  computed us ing  water-vapor 

d i s t r i b u t i o n  C ,  over a p e r f e c t  re f  l e c t o r  
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